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DATA OUTPUT APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a data output apparatus for data 

writing on, and reading from, storage memories, particularly storage 
memories using storage media like an optical disk. 

2. Description of the Prior Art 

10 Heretofore, when such data as video-audio data was tq be written on 

or read from a storage device, the data as requested was seat to or 
transferred from the storage memories in small segments of a specific size 
for transfer, 64 kilobytes, for example — the siae specified by OS. 

If a writing request for data was made when another data was being 

IB read out from the storage device, the reading would change to the writing 
and the writing to the reading by turns per data size of the data divided into 
email segments. Therefore, it may causes that the head of the storage device 
moves to a specific portion - that is called "seek" - whenever the mode 
changes. 

20 The storage device generally comprises a hard disc drive including a 

hard disc as a storage media. Even if out and on such storage device 
moving picture data with high-bit rate such as MPEG2 are read and written 
simultaneously, the duration required to seek (in caee of a low performance 
disk, not Longer than 20 m.s.) is shorter as comparing with the duration 

25 required to transfer the specific size of data (for example, to transfer a 
specific size of 256 kilobytes at not more than 40 m.B.). Furthermore, the 
transfer capacity of the storage device was large fully enough for the bit 
rate of data. Accordingly there are no problems with that syefcem, and it 
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was not necessary to take into consideration the duration required to seek. 

However, (hat was not che case with the storage memories using an 
optical disk like DVD as storage medium. Unlike when a hard disk drive 
was used, the duration required to seek was very long (at about one second) 
as comparing with the duration required to transfer data. Furthermore, 
the capability of the storage device using an optical disk is very low in 
transfer (for example,, at 10.08 Mbps., the duration needed to transfer a 
specific sire of 64 kilobyte is 50 m.e.) Therefore, if a request for writing is 
made when a high bit rate moving picture data euch as MPEG 2 is being 
read out, the total bib rate of the data to read out and the data to Write could 
go up beyond the transfer capacity of the storage device. And since the 
storage device has to seek each time of switching to reading out and writing, 
and even if che total bit rate of the data to read out and the data to write is 
close to the transfer capacity of the storage device, those data could not be 
transferred real-time on account of the "seek" duration needed. The result 
was that a stream of data like video-audio data would be interrupted in 
writing or reading data. 

SUMMARY OF THE INVENTION 

The present invention addresses that problem. And it is an object 
of the present invention to provide a data output apparatus that guarantees 
real-time in writing and reading of data stream. 

To achieve the aforesaid object, the present invention is built on a 
data output apparatus in which a data stream to input is first written on a 
recording medium (in FIG. 1, a storage media 2 loaded on a storage device 1) 
and the data stream recorded on the recording medium is read out and 
outputted to external device. 

The data stream contains video information compressed at a 
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variable bit rate. The data output apparatus is provided with a first buffer 
3 that retains the inputted data stream, writing means 4 for writing on the 
aforesaid recording medium the data stream held in the first buffer 3, 
second buffer 6 for holding the data stream to output to external device, 
reading means 7 for reading on to the second buffer 6 the data stream 
recorded on the recording medium, predicting means 20 (second duration 
predicting means 9) for predicting the consumption duration W to consume 
the data stream held on the second buffer 6 on the basis of the duration 
needed for presentation of video information contained in the data stream 
held on the second buffer 6 — second predicted consumption duration W — , 
and writing limiting means 5 or/and reading limiting means 14 for 
controlling the writing means a and reading means 7 as control means 21. 

The writing means 4 writes and reading means 7 reads the data 
stream exclusively on the recording medium. The control means 21 so 
controls the writing means 4 and reading means 7 on the basis of the second 
predicted consumption duration W that the second buffer will not 
underflow. 

Furthermore, the control means 21 so controls the writing means 4 
and reading means 7 as to keep down the number of switchings between 
writing and reading the data stream on the recording medium. 

Also, the control means 21 controls the writing means 4 and reading 
means 7 in such a way that in case the second predicted consumption 
duration W predicted by the predicting means 20 iB not lower than a second 
threshold value T2„ a permit will be eiven for writing of the data stream 
from the first buffer on the recording medium- The second threshold value 
T2 is a value defined thie way. With the maximum duration needed fox 
writing a specific size of segment of data stream on the recording medium as 
the first maximum duration Tw and the maximum duration needed for 
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reading a epeoiflc eize of segment of data stream on to the second buffer as 
the eeoond maximum duration Tr, a value larger than the second maximum 
duration Tr shall be called first threshold value Tl, and the value obtained 
by putting the first maximum duration Tw and the second maximum 
duration Tr together shall be given as second threshold value T2. 

In addition, the control means 21 so controls the writing means 4 
and reading means 7 that in case second predicted consumption duration W 
predicted by the predicting means 20 is leas than the eeoond threshold value 
T2, the control means 21 prohibits writing the data stream on the recording 
medium from the first buffer and permits writing the data stream on the 
second buffer from the recording medium. 

There is also provided a memory retaining a time table on which the 

offset values bOi, b02, ,bOn of the data stream ara linked or related to 

the times aOi, aOi, , aOn required for the offset values bOi, b02, 

,bOn of the data scream to be reproduced,. And the predicting means 20 

measures the amount of data sent out from the second buffer and the 
amount of data inputted into the second buffer. On the basis of the amount 
of data sent out and the amount of data inputted, a calculation is made to 
find the initial offset value bOi and the last offset value bOj of the data 
stream retained in the second buffer. Then, reference is made to the time 
table to acquire the time aOi for the offset value bOi and the time aOj for the 
offeet value bOj. And the second predicxed consumption duration, that is, 
aOj — aOi is worked out. 

It is also possible to work out the second predicted consumption 
duration alj - ali under the following arrangement provided with a memory 
havj nff a tijnc table on whieh the durations "all - 0," "al2 - all." "al3 - 
al2, M ... "aln - al(n - 1) M are linked to the bit rates rll, rl2, rl3 rln of 
the data stream at the respective durations. Under that arrangement, the 



predicting means 20 measures the amount f data sent out from the second 
buffer and the amount of data inputted to the second buffer. On the basis 
of the amount of data sent out and the amount of data inputted, a 
calculation is made to find the initial offeet value ali and the last offset 
value alj of the data stream held in the eeoond buffer. Thus, the second 
predicted consumption duration alj — all is worked, out. 

Furthermore, in case the data stream is a data stream of the MPEG 
formula, the predicting means 20 acquires the time code to be used for 
reproduction that is included in the data stream of the MPEG formula held 
on the second buffer. On the basis of the time code, the second predioted 
consumption duration can be found* 

The time code may be the eydtem clock reference in the pack header 
provided at the head of each of the packe that form program stream of the 
MPEG formula or the program clock reference in the adaptation field of 
each of the transport packets forming the transport stream of the MPEG 
formula. 

Further, in case the data stream is a data stream in which bit rate 
information of data stream block at the time of reproduction is recorded at 
the information field provided at the head of the respective blocks of data 
stream, the predicting means 20 acquires bit rate information at the time of 
reproduction in the respective blocks of the data stream held on the second 
buffer and the respective block size. And on the basis of the bit rate 
information and the block size, predicting means 20 works out the second 
predioted consumption duration. 

The foregoing examples work under the condition that the send rate 
of the second buffer 6 is identical with the bit rate of the data stream. In 
case the data Output unit is connected to a unit for reproduction of data to 
be outputted from the data output unit and to a reproduction buffer 12 that 
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temporarily holds data sent out to the aforesaid reproduction unit, the eend 
rate of the second buffer 6 ia no longer the same as the bit rate of the data 
stream. With consideration given to euch a case, the following 
arrangement is also possible for prediction of the second predicted 
consumption duration. That is, eend rate detection means 13 detects the 
amount of data sent out per unit period from the second buffer. And the 
predicting means 20 works out the second predicted consumption duration 
on the basis of the history of the amount of data sent out per unit period 
from the second buffer and the history of the time required for presentation 
of video information contained in the data stream held in the second buffer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram eho«/mg the configuration of an 
embodiment of the present invention. 

FIG. 2 is a conceptual diagram illustrating the second predicted 
consumption duration of the present invention. 

PIG. 3 is another conceptual diagram illustrating the second 
predicted consumption duration of the present invention. 

FIG. 4 is a conceptual diagram illustrating the operation of control 
means of the present invention. 

FIG. 5 is a flow chart of an embodiment of the present invention. 

FIG. 6 is a block diagram showing the configuration of another 
embodiment of the present invontion. 

FIG. 7 is a block diagram showing still another embodiment of the 
present invention. 

FIG. 8 is a conceptual diagram illustrating the correction of the 
second predicted consumption duration of the present invention. 

FIG. 9 is a conceptual diagram illustrating the relationship between 
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a plurality of second predioted consumption durati ne and writing 
prohibitions according to th present invention. 

FIG. 10 10 a block diagram showing an embodiment of the present 
invention in caee there are a plurality of video-audio data to be read. 

FIG. 11 is a block diagram showing an embodiment of the present 
invention in case there are a plurality of video-audio data to be written. 

FIG. 12 is a conceptual diagram illustrating the relationship 
between the first predicted accumulation duraiton and writing prohibitions 
in FIG. 11. 

FIG. 13 is a block diagram illustrating an embodiment of the 
present invention in which the reading side ia controlled. 

FIG. 14 is a conceptual diagram illustrating the relationship 
between the first predicted accumulation duration and writing prohibitions 
in FIG. 13. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(Embodiment 1) 

FIG. 1 is of a block diagram outlining the whole system of a first 
embodiment of the present invention. FIG. 5 is a flow diagram showing the 
operating process in the present embodiment. This embodiment will now 
be described with reference to the drawings. 

The data output apparatus of the present invention has a storage 
device 1 mounted with a storage? media 2 such as DVD, It is so arranged 
that a specific size of data stream can be written on the storage media 2 
from a first buffer 3 through writing means 4. 

Meanwhile, a specific size of data stream is read by reading means 7 
from the storage media Z mounted in the storage device 1 and then stored 
temporarily in a second buffer 6 before being output ted to external device 
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such as a reproducing terminals 

Second consumption duration predicting means 9 predicts the 
consumption duration to consume the data stream held in the storage media 
2 — second predicted consumption duration — by one of the following 
5 methods. The following description is for cases where the data stream is a 
video-audio data. 

(1) Method "based on a time table 

The eecond consumption duration predicting means 9 constantly 
10 monitors the amount of data stored in the second buffer 6 from the storage, 
device 1 and the amount of data sent out from the second buffer 6, both up 
to the present. 

A time table Mt as shown in FIG. 2 is stored in second consumption 
duration predicting means 9, for example. On the table Mt, the offset 

15 values bOl, bOl, ....... bOn from the top of video-audio data Drl to be read 

are registered linked to the times aOl, aOl, , aOn for the video-audio 

data Drl of the offset values bOl, bOl, bOn to be reproduced. 

In that state, second consumption duration predicting means 9 
takes the amount of data stored in the second buffer 6 and measured up to 

20 the present ae the eecond offset value bOj of the video-audio data Drl and 
the amount of data sent out from tho second buffer 6 as the first offset value 
bOi of the video-audio data Drl. Then, the first offset value bOi and the 
second offset value bOj axe checked against the time table to work out the 
second predicted consumption duration (aOj - aOi) from the times aOi and 

25 aOj corresponding to the respective offset values. It can happen that the 
time table has no corresponding figures corresponding to the first offset 
value bOi and the second offset value bOj. For example, the first offset 
value bOi is between the offset value bOl and the offset value b02 and the 
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second offset value bOj ie between the offset value b03 and th offset value 
b04. In such a case, the second predicted consumption duration is worked 
out from the offset value nearest to and larger than the first offset value hoi, 
that ie, the offset value b02 and the value nearest to and less than the 
5 second offset value bOj, that ia, the offset value b03. In other words, the 
second predicted consumption duration (a03 - a02) is calculated. 

The time table Mt may use information on bit rates (rll - r In) at the 
time of reproduction that are eefc for the respective reproduction timee of 
video-audio data Drl instead of the relation between the offeot values and 
10 the times. In that case, too, second consumption duration predicting 
means 9 first finds the measured amount of data sent out from the second 
buffer and the amount of data stored in the second buffer 6 up to the present 
and then works out the second predicted consumption duration from the 
time table Mt. The time table Mt is stored In the storage media 2 along 
15 with the video-audio data Drl and read onto second consumption duration 
predicting means 9 when the file is opened. 

(2) Method for the video-audio data of the MPEG formula and the like 

The video-audio data of a program stream of the MPEG formula, for 
example, is provided with a segment for recording the system clock 
reference (SCR) — the time when the MPEG decoder requires a pack of data 
— in the pack header at the top of the pack forming video-audio data as 
shown in FIG. 3 (a). 

The video-audio data of the MPEG formula has each frame, or unit 
of image, divided into packs of a specific size. Data is encoded with the 
offset time — • the time when the decoder requires the pack — being recorded 
on the SCR segment of each pack. 

The second predicted consumption duration is calculated as 

9 
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difference between the value SCR 1 of SCR of the pack t be eent out fr xa 
the second buffer out of the data yet to be sent which is held in the second 
buffer and the value SCR 2 of SCR of last pack stored in the second buffer 
from the storage device. 
5 It is noted that when MPEG data are prepared it a variable race, 

the preparation of next data is held back Until the starting time of next 
frame. The difference in SCR between the packs just before and after the 
gap between the frames is larger than the SCR difference between the 
consecutive packs in one frame, which ia equal to about the time for a pack 
10 of data size about at the time of the highest bit rate. 

By the way, the decoder does decoding; frame by frame. If data in 
the second buffer ie cut halfway in a frame, the second predicted 
consumption duration worked out as shown above will not be accurate. 
From the aforesaid SCR difference between packs, therefore, the gap 
15 between frames is found out, and the SCR value of the SCR 3 of the pack 
immediately following the frame gap is worked out. Then, the value SCRl 
of the aforesaid SCR is subtracted from the value SCR 3 of the SCR. The 
value thus obtained will be the second predicted consumption duration. 

In case of a transport stream of the MPEG formula, the program 
20 clock reference in the adaptation field of the transport packet can be used in 
place of the aforesaid SCR. 

(3) Method used in case information on bit rate at the time of reproduction 
is recorded inside the data: 
25 There will be explained an example where video-audio data Drl to 

be read out as shown in PIG. 3 (b) is split into a plurality(n pieces) of blocks 
of a speoifio eiee. The aforesaid respective blocks, Brl, Br2 ... are provided 
with information fields Dfl, Df2,„in which the bit rates and ai*es of blocks 
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are recorded and EOE's (end of blocks) that indicate the end of the block. 
It is noted that the last EOB which has to indicate the end of file is also an 
EOF (end of file) indicator. 

In this example, second consumption duration predicting means 9 
picks out the block bit rates and sizes from information field Dfl, D£2 ... of 
the video-audio data Drl stored in the second buffer 6. On the basis of 
those block bit rates and sizes is worked out second predicted consumption 
duration. In case bit rates alone are recorded in information field Dfl, Df2 
second consumption duration predicting means 9 extracts the size 
between the EOB'e in addition to the bit rate and thus the second predicted 
consumption duration is worked out. 

Next there will be explained, with reference to FIG. 4 r an example of 
controlling: the data stream where the reading and writing of video-audio 
data are effected simultaneously. 

Let it be presumed that video-audio data Drl is read through 
reading means 7 from the storage media 2 mounted in the storage device 1 
while; video-audio data Dw2 is written through writing mesne 4. The 
duration required for reading of a unit aise Sr for one reading from the 
storage device 1 is different from reading and reading, because the seek 
duration of the aforesaid head is different according to conditions such as 
the position of the reading head and the position on the storage media 2 Df 
the stored video-audio data to be read. For the same reason, the duration 
needed for one writing (writing of the unit size Sw) is different from writing 
to writine. 

Here, when a unit size Sr for one reading is read out, a value larger 
than the maximum (longest) duration required for one reading — the second 
maximum duration Tr — is preset as first threshold value Tl as shown in 
FIG. 4. This is done in consideration of the maximum waiting duration — 
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the first waiting duration — from immediately after the end of one reading 
or writing to the point when the next request for reading or writing can be 
made. Also, the second threshold value TZ is so set that (T2 - Tl) is larger 
than the maximum (longest) duration Tw — the first maximum duration — 
required for writing a unit size Sw for one writing in the storage device 1. 
Now. there will be explained an example where: 

the amount of data the storage device 1 can read out per unit period: 

Cr 

the amount of data the storage device 1 can write per unit period: 

Cw 

the amount of data that can be transferred from the storage device 1 
per unit period: Sr 

the amount of data that can be transferred to the storage device 1 
per unit period: Sw 

first waiting duration in the storage device lr TDS 

The first threshold value Tl is set to a value larger char* the second 
maximum duration Tr to prevent the second buffer B from underflow while 
the reading of next data is requested by reading means 7 and the data may 
be stored in the second buffer 6 f that is, the following conditions may be 
met. 

Tl > TDS + Sr / Cr (1) 
Then, the second threshold value T2 is bo set that (T2 - Tl) is larger 
than the first maximum duration Tw, that is, the following may be met: 
T2 - Tl > TDS + Sw/Cw (2) 
If writing is not done under the aforesaid conditions that the second 
predicted consumption duration is less than the second threshold value T2» 
then reading means 7 reads data onto the second buffer 6 from the storage 
device 1. Then, the reading of data is continued until the second predicted 
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consumption duration is not less than the second threshold value T2. In 
case the second predicted consumption duration is not less than the second 
threshold value T2, no writing in the storage device 1 is requested. And if 
the second buffer 6 ia not full, data will be read from the storage device I on 
6 to the second buffer 6. If the second buffer 6 is full, then there will be no 
data reading. 

It is noted that in case the end of data reading is detected, no data 
reading will take place even if the second predicted consumption duration ie 
less than the second threshold value T2, The end of data reading ie 

10 detected this way. EOF detection means 11 detects EOF (end of file) of 
video-audio data Drl (see signal rO in FIG. 6). Or second consumption, 
duration predicting means 9 detects the data consumption to be 0 (see 
signal SO in FIG. 1). 

Now there will be described the control of writing video-audio data 

15 Dw2, an object for writing. Writing limiting means 5 constantly monitors 
the second predicted consumption duration worked out by second 
consumption duration predicting means 9, When the second predicted 
consumption duration is less than the eecond threshold value T2, a write 
inhibit flag Pw is erected to bar writing means 4 from writing (FIG. 5, Steps 

20 SI - 86). Then if the second predicted consumption duration ie not less 
than the first threshold value Tl and less than the second threshold value 
T2, the ongoing writing in the storage device 1 will be carried out while new 
writing will be prohibited (Steps 37 - SB - S9). 

Furthermore, in case the second predicted consumption duration is 

25 less than the first threshold value Tl. then writing limiting means 5 directs 
writing; means 4 to temporarily stop the ongoing writing in the storage 
device 1, too (Steps S7 - SlO- Sll). 

In case the second predicted consumption duration is larger than 
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the second threshold value T2, then the writ© inhibit flag Pw is pulled down 
(Steps SI - S2> to lift the ban on the writing by writing means 4. When the 
end of data writing is detected by EOF detection means 11 or EOF, the write 
inhibit flag Fw will be pulled down even if the second predicted 
5 consumption duration is less than the second threshold value T2. 

As the writing of video-audio data Dw2, the object for writing, ie 
started under that setup, the data will first be stored in the first buffor 3. 
Before starting to write a specific aize of data to bo written, writing means 4 
checks each duration whether the write inhibit flag Fw is up. If the write 
10 inhibit flag Fw is not up, the data first stored in the first buffer 3 will be 
written in the storage media 2 mounted in the storage device 1. If, on the 
other hand, the write inhibit flag Fw is up, writing means 4 will not do 
writing. 

The process is repeated to write in the storage device 1 until the 
15 data stored in the first buffer 3 is exhausted. 

As set forth above, video-audio data Drl being read ie kept real-time 
by temporarily restricting the writing of video-audio data Dw2 in the 
storage device 1 on the basis of the second predicted consumption duration 
while video-audio data Drl is being read. 

20 

(Embodiment 2) 

In the embodiment 1, whether writing iB banned or not is decided on 
unilaterally according to the state on the reading side. There are cases 
where it is not always necessary to bar writing totally ae will be described 
25 in the following;, however* 

The present embodiment ie, ae shown in FIG. 6, configured as in 
Embodiment 1 and additionally provided with first duration predicting 
means 10 where the first waiting time TDS and the amount of data that can 
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be written per unit period are registered in advance. 

First duration predicting means 10 works out the duration required 
for writing data in the storage device 1 from the first buffer 3 — the first 
predicted consumption duration — on the basis of the above registered 
information and the amount of data Sw2 held temporarily in the first buffer 
3. The first predicted consumption duration can be worked as follows: 
TDS + Sw2 / Cw 

The current value Ta of the second predicted consumption duration 
by second consumption duration predicting means 9 is also given to writing 
limiting means 5. And as in Embodiment 1, in case the current value Ta is 
less than the second threshold value T2, writing limiting means 5 pulls up 
the write inhibit flag Pw to bar writing means 4 from writing. Also r when 
the current value Ta is not lower than the second threshold value T2, the 
procedure is taken as in Embodiment 1. 

Now, there will be described an example of writing control where the 
reading and writing of video-audio data are effected simultaneously. 

In case the first predicted consumption duration is lose than (Ta — 
Tl) in a state under which the writing prohibition is lifted with the current 
value Ta of the second predicted consumption duration not lower than the 
second threshold value T2„ writing limiting means 5 so controls writing 
means 4 that all the data already written in the first buffer 3 is 
continuously written in the storage device 1. 

On the other hand, in case the first predicted consumption duration 
is not lower than (Ta - Tl), writing limiting means 5 so controls writing 
means 4 that the amount of data that can be written in a duration of (Ta - 
Tl), that is. data in a size not larger than (Ta - Tl - TDS) x Cw is 
continuously written in the storage device 1 

In ease writing ia done continuously, the duration required for 
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writing in th storage devie 1 data in a unit size Sw N durations 13 less 
than N x Tw (Tw: durati n * quir d for writing the unit aise Sw, that is. 
TSD + Sw / Cw as given in Expression (2)), because the first waiting 
duration is needed for the first unit eise Sw only and not for the subsequent 
^sitings. 

As set forth above, in case the first predicted consumption duration 
and the second predicted consumption duration are worked out and it is 
interpreted that the duration required for continuous writing can be 
secured, data will bo written in the storage device 1 continuously. Thus, 
the efficiency of writing data can be increased. 

(Embodiment 3) 

In the foregoing embodiments described, no consideration ie given to 
the processing state in equipment after or on the downstream side of the 
second buffer. But in case the second buffer 6 is connected with the buffer 
in a reproduction unit directly or via network, it is necessary to take the 
condition in the buffer into account. 

FIG. 7 is a block diagram outlining the whole system of a third 
embodiment of the preaent invention. 

The present embodiment ia eet up by providing a reproduction buffer 
12 on the reproduction side in the configuration of Embodiments 1 and 2 
combined. 

In the present embodiment, let it be supposed that the reproduction 
buffer 12 retains data of which the amount to be used for reproduction per 
unit period — bit rate — is variable as shown in PIG. 8 <a). There are 
pieces of data coming up continuously with bit rates rl. r2. r3 in that order. 
And the piece of data with the bit rate rl is being reproduced. In the 
second buffer 6, meanwhile, successive pieces of data with bit ratee of r4, r6, 
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r6 are held. And following the piece of data with the bit rate of r3 held on 
the reproduction buffer 12, the piece of data with the bit rate of r4 is sent 
out to the reproduction buffer 12 from the second buffer 6. 

In that state, the amount of data sent out from the second buffer 6 
per unit period — the eend rate — is not the bit rate r4 of the piece of data 
beinc sent out at the moment but is equal to the bit rate rl of the piece of 
data now bcinff reproduced aa shown in PIG. 8 (b). Furthermore* when the 
piece of data with the bit rate r2 begins to be reproduced after the 
reproduction of the data with the bit rata *1 is over, the send rate of the 
data to be sent out from the second buffer is r2. The send rate will be r3 
when the reproduction of the data with the bit rate of r2 is aver and the 
send rate will be r4 when the reproduction of the data with the bit rate of rS 
is over. That is, the send rate of data to be sent out from the second buffer 
8 will be equivalent to the bit rate of the data now bein? reproduced. 
Therefore, the send rate of the data to be sent out from the second buffer 6 
after a certain delay time should be the same as the bit rate of the data sent 
after that delay time in the past. 

It is so arranged, therefore, thB bit rate value recorded in video data 
in advance is picked out by send-out rate detection means 13 from the data 
held in the second buffer 6, and its history is memorized. On the other 
hand, second consumption duration predicting means S> works out the send 
rate of the data now being sent out on the basis of the amount of data sent 
out from the second buffer 6 per unit period. From the timing difference 
that cauaee changes in the history and the eend out rate, second 
consumption duration predicting' means 9 can predict the duration until the 
data sent out from the second buffer 6 is actually reproduced — the delay 
time. Then, second consumption duration predicting means S> will wort out 
the second predicted consumption duration from the delay time, the history 
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and the amount f data held in the second buffer 6, 

An example where the bit rate is written in data has just been 
described. In other cases, the history of bit rates is recorded the following 
way. 

The bit rate of part of the data on the second buffer 6 — - segment hit 
rate — can be worked out from the amount of data to be calculated on the 
second buffer 6 — segment accumulated amount — and the second predicted 
consumption duration corresponding: to the amount of data obtained in the 
flame way as in the foregoing embodiments — segment data consumption 
predicted duration. That is, 

segment bit rate = segment accumulated amount J segment data 
consumption predicted duration. Send-out rate detection means 3.3 works 
out the segment bit rate and memorizes the history. The subsequent steps 
are exactly the same as described above. 

Thus,, it is possible to make a predication of consumption in the 
second buffer 6 even if the second buffer 6 is connected with another 
reproduction buffer 12 thereafter or on the downstream side thereof. 

(Embodiment 4) 

There have been described examples where one video-audio data is 
an object to be read. The same approach is applicable to examplss where to 
be read are a plurality of video-audio data- 
in such a case, too, the second threshold value T2 is so set that (T2 - 
Tl) is larger than the maximum (longest) duration Tw required for writing 
in. the storage device 1 a unit size $w of data for one writing as in 
Embodiment 1. Herein Tl is the first threshold value larger than the 
maximum (longest) duration Tr required for reading from the storage device 
1 a unit size Sr of data for one reading. 
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There will now be explained an example where one piece of video- 
audio data DwO is to be written and n pieces of video-audio data Drl — Drn 
are to be read. Aa shown in FIG. 10, the video-audio data DwO to be 
written is first held in the first buffer 3 and then recorded on the storage 
media 2 through writing means 4. And writing means 4 is controlled by 
writing limiting means 5 as to whether to write data or not as described in 
the following. 

Meanwhile, the video-audio data Drl to Drn, the objects to be read, 
ai9 each held temporarily in the second buffers 6*1 to 6-0 through reading 
means 7*1 to 7-n before being sent out. For the second buffers 6-1 to 6-n, 
furthermore, there are provided second consumption duration predicting 
means 9-1 to 9-n so that che second predicted consumption durations of the 
second buffer 6-1 to 6-2 may be worked out. In addition, the outputs of 
second consumption duration predicting means 9-1 to 9-n are inputted in 
reading limiting means 14. And reading limiting means 14 controls the 
respective reading means 7-1 to 7-n. 

As shown in FIG. 9, if at least one of the second predicted 
consumption durations Tal to Tan of second consumption duration 
predicting means 9-1 to 9-n is be.Iow the second threshold value T2, reading 
limiting means Id pulls up the write inhibit flag Fw so that writing limiting 
means 5 bars writing means 4 from writing. 

That way, writing can be so controlled that continuous reading may 
be guaranteed, even if the objects to be read are a plurality of video-audio 
data Drl to Drn. 

(Embodiment 5) 

In Embodiment 4. the way of limiting writing is described. In the 
arrangement as shown in FIG. 10. it is possible to restrict the reading on 
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the basis of the mutual relation of a plurality of video-audio data to be read. 

First, as in the foregoing respective embodiments, with a value 
larger than the maximum (longest) duration Tr required for reading from 
the storage device 1 the unit size Sr of data for one reading as the first 
threshold value Tl. the second threshold value T2 in so preset that (T2 - Tl) 
is larger than the first maximum duration TV required for writing in the 
storage device 1 the unit size Sw of data for one writing. In addition, it ie 
so arranged in advance that priority numbers are aligned to video-audio 
data Drl - Dxn to be read. 

The second predicted consumption durations obtained from second 
consumption duration predicting meanB 9-1 to 9-n described in Embodiment 
4 are inputted in reading limiting means 14. If one of the second predicted 
consumption durations Tal to Tan is below the second threshold value T2, 
that is, there is one video-audio data Drk with that second predicted 
consumption duration, then reading limiting means 14 bars the reading of 
video-audio data — of which the second predicted consumption duration ie 
not below the second threshold value T2 — from the storage device 1 to tho 
second buffer 6-1 to 6-n (except for the 6-k which is described below). And 
reading from the storage device 1 is done on the second buffer 6-k 
(corresponding to the video-audio data Drk) of which the second predicted 
consumption duration is below the second threshold value T2. 

In case more than one of the second predicted consumption 
durations Tal to Tan are below the second threshold value T2, that is, there 
are a plurality of video-audio data with euch second predicted consumption 
durations, then reading limiting means Id bars the reading in the second 
buffer the video-audio data of which the second predicted consumption 
duration is not below the second threshold value T2. And the video-audio 
data with the second predicted consumption durations below the second 



20 



thresh Id value T2 are read on the second buffer in the order of priority. 

The arrangement just described guarantees that when the reading 
of a plurality of video-audio data is requested, the data requested will be 
read real-time in the preset order of priority. The order of priority may be 
the order in which files are opened or may be set in preparing files for 
specific video -audio data. 

(Embodiment 6) 

The present invention is also applicable in case a plurality of 
video-audio data are to be written and one video-audio data is to be read. 
The arrangement is the same as in the foregoing respective embodiments. 
That is, with a value larger than the maximum (longest) duration Tr 
required for reading from the storage device 1 the unit sise Sx of data for 
one reading as the first threshold value Tl, the second threshold value T2 is 
so preset that (T2 — Tl) is larger than the first maximum duration Tw 
required for writing in the storage device 1 the unit size Sw of data for one 
writing- 
in case there are n pieces of first buffers 3-1 to 3-n, furthermore, the 
third threshold value T3 is so set that: 
TS^nx (TDS tSw/ Cw) 
Let it be assumed that there arc now a piece of video-audio data DrO 
to be read and n pieces of video-audio data Dwl — Dwn to be written. As 
shown in FIG- 11, the video-audio data DrO is referred to the second buffer 6 
through reading means 7 and temporarily held therein before being sent out. 
It is furthermore so arranged that second consumption duration predicting 
means 9 works out the second predicted consumption duration aa in the 
foregoing respective embodiments. 

Meanwhile, the video-audio data Dwl - Dwn to be written are each 
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temporarily retained in the first buffers 3-1 to 3-n as they are inputted from 
data supply means 17-1 to 17-n, and then written in the storage device 1 
through writing means 4-1 to 4-n. 

And there are provided first accumulated duration predicting means 
15-1 to 15-n for the respective first buffers. First accumulated duration 
predicting means 15-1 to 15-n measure the amounts of data held in the first 
buffers 3-1 to 3-n. In addition, first accumulated duration predicting 
means 15-1 to 15-n receive information on the amounts of data supplied to 
the first buffers 3.1 to 3-n per unit period as accumulation rate from data 
supply means 17. Furthermore, first accumulated duration predicting 
means 15 predicts the durations t3-l to t3-n that the first buffers 3-1 to 3- 
n become full — the first predicted accumulation duration — on the basis of 
the amounts of data currently held in the first buffers 3-1 to 3-n and notifies 
writing limiting means 5 of the results. Writing limiting means 6 bars 
writing meane 4-1 to 4-n from writing data under the specific conditione 
described below. 

Here, the following information is used as accumulation rate. That 
is, in case data supply means 17-1 to 17-n which supply the first buffers 3- 
1 to 3-n with data can give the first buffers 3-1 to S-n information on the 
amounts of data that are inputted into the first buffers 3-1 to 3-n per unit 
period, first accumulated duration predicting means 15-1 to 15-n take 
information given from data supply means 17-1 to 17-n as accumulation 
rate. If data supply means 17-1 to 17-n can not give information on the 
amounts of data that axe inputted into the first buffer* 3-1 to 3-n per unit 
period, first accumulated duration predicting means 15*1 to 15-n. take the 
preset values as accumulation rate. 

The operation under that setup will now be described. 

In case the second predicted consumption duration is below the 
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second threshold value T2, data will be read from the storace device 1, 
while writing: limiting mean© 6 bare writing means 4-1 to 4-n from writing 
data. 

In case the second predicted consumption duration ie not lower than 
6 the second threshold value T2, the following control will bo effected, 

Writing limiting means 5 has the video-audio data in the first 
buffers 3-1 to 3-n written in order of increasing predicted accumulation 
durations t3-l to t3-n or a preset order. 

But the writing in the storage device 1 is suspended in the first 
10 buffers 3-1 to 3-n where the first predicted accumulation duration ia below 
the third threshold value T3 as shown in FIG. 12. It is noted that the order 
of priority ia eet on writing limiting means. B by the user who ie writing 
data. 

As set forth above, suspending the writing ensures that video-audio 
15 data can be read real-time from the storage device 1 and that data can be 
written in the storage device 1 according to the state in the first buffer 3 or 
in order of priority numbers given to the video-audio data. 

(Embodiment 7) 

20 Control mainly on writing hae been described. The present 

invention ie also applicable to control on reading. 

In the present embodiment, with a value larger than the firet 
maximum duration TV as the fourth threshold value T4, the fifth threshold 
value TES is so set that (T5 - T4) ia larger than the second maximum 
25 duration Tr. 

Let it be assumed that one video-audio data Dil ie to be read and 
one video-audio data Dw2 i© written. Video-audio data Dri to be read ia 
read through reading means 7 and temporarily held in the eecond buffer 6 
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before being sent out from the second buffer 6 as in the foregoing 
embodiments. Second consumption duration predicting means 9 works out 
the second predicted consumption duration also as in the foregoing 
embodiments. 

Meanwhile, video-audio data Dw2 to be read is first held in the first 
buffer 3 and written in the storage device 1 through writing means 4. 
Furthermore, reading limiting means 14 controls the operation of reading 
means 7 depending on the state in the following way. Still furthermore, 
first accumulated duration predicting means 15 predicts the first predicted 
accumulation duration on the basis of the amount of data per unit period 
held in the first buffer 3, that is, the accumulation rate. 

The way of first accumulated duration predicting means 15 deciding 
on the accumulation rate in the above process is the same as in Embodiment 
6. 

Meanwhile, reading limiting means 14 monitors the first predicted 
accumulation duration and pulls up the write inhibit flag Fr when the first 
predicted accumulation duration is less than the fifth threshold value T$. 
Then, reading means 7 is bars from reading. If the first predicted 
accumulation duration is not lower than the fourth threshold value T4, the 
ongoing readine from the storage device 1 will be carried out but new 
reading will be prohibited. 

In case the first predicted accumulation duration is leas than the 
fourth threshold value T4, reading limiting means 14 directs reading means 
7 to suspend reading data including the ongoing reading. 

In case the first predicted accumulation duration is larger than the 
fifth threshold value T5. readine limiting means 14 pulls down the write 
inhibit flag Fr to lift the reading bar on reading means 7. 

As set forth above, the arrangement of the preaent data output 
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apparatus guarantees the writing of the video-audio data when video-audio 
data is beins read and written with priority given to the writing, 

It is noted that it is natural that the third embodiment may he 
provided with a plurality of second buffers 

Ae Bet forth above, the present invention can ensure that if the data 
consumption duration in the reading buffer — the second buffer — 
decreases below a specific level while video-audio data la "being read and 
written, the writing will be banned so that video-audio data may be read 
real-time. 

In case a reproduction buffer is connected after or on the 
downstream side of the reading buffer, it is possible to accurately predict 
the consumption duration of data in the reading buffer by keeping a record 
of the history of send rates of video-audio data sent out from the reading 
buffer. Thus, it is ensured that the video-audio data as read are 
maintained real-time. 

Even if a plurality of video-audio data to be read are present, 
video-audio data as they are read are kept real-time by barring the writing 
when the data consumption duration in the reading buffer corresponding to 
any one of those video-audio data falls below a specific level. 

Also, even if a plurality of video-audio data are to be written, 
needless to aay, real-time reading of video-audio data can be ensured by 
giving priority to the reading. Furthermore, the number of readings ie 
prevented from increasing by banning the writing when the predicted 
accumulation duration for tn.e writing buffer — the first buffer — is below a 
specific level even if writing is possible. 

Still further* the present invention offers an advantage that writing 
is maintained real-time. 
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